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The First Era: Getting There

1958-1995

Explorer

”» America’s First”
1958
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SCIENTISTS WILLIAM PICKERING. JAMES vAN Mariner 4 View of Crater Rims -

ALLEN AND WERNHER von BRAUN (LEFT TD i
RIGHT) DISPLAY THE UNITED STATES FIRS _ Southern Highlands of Mars
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Mars Exploration-A Case Study

“the drab and moonlike Mars
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Drawing of Mars by
E. M. Antoniadi, 1909

Mariner 7
1969-70
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NSSDC/NASA
Mariner 4
“1st glimpse of Mars” 1964



Mars Exploration-A Case Study

Mariner 9-“1stv.Spacecraft to orbit another planet” 1971-72

Mariner 9 found networks
of channels and tributaries
that appeared to be runoff
channels and dry riverbeds

Sl

Neither Earth nor another Moon; it was Mars---"itself alone."



Mars Exploration-A Case Study

Mars Lander ‘98 |
(MVACS -




The Second Era: Finding Out What’s There
1975-1995.

Magellan to Venus | Cassini to the Saturnian Sysfem
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The Third Era: Getting There Often
| and Gettlng Back 1995-2005+

Europa O)"
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Mars Climate
Orbiter & Lander

‘Mars PolarLaﬁder
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_ Morse code 1876

L IN FRASTRUCTURE’ e 1869 Commercial
Oregon Trail used Used to telegraph Telephone o é
l ‘ ) : for [?“gratlon west e . First Trsg‘slf::dﬁnental mvgnted electricity available
COMMERCE  (rare commoniTie *(INDUSTRY) .
Furs Cattle Ranching Agriculture
2000 2057
End 1st era P Roboti
EXPLORATION comReettﬁ?lTple Pluto, Kuiper Europa Oceans Explored ermg:\eesr‘letncg otic
. . throughout Solar System;
tstEra gars Sample | MareRobotic  Firstliumans  Human utposts on “Saif Aware” Filght Sysfers
uman Settlements
Samples From Venus on Mars; Mars exploration

Frst Interstellar Mission conducted from Mars

Op tlcal Comm Relays and

g Ler 1 . Mars édfnm/Nav ry
HINFRASTRUCTURE o Network in place O t' ' c Rel g GPS for Outer Planets Intfratstructure: for MN?rs
p ical Comm Re ays an .- ‘Solar System Internet activities exists on Mars
: C°E‘J§'ﬁf?§t"nﬁ’a ork - 'GPS for Inner Planets _ for Outer Planets
o e , ' Mars Solar System-wide
< Optical Comm 1 Cap System Intern Lihd ':,‘g{.':;‘,g.‘;’,"d";z?':gggg GPS & Internet
L Demonstrat \ ey i tracking facility
. S s e - P “« it o N Humans on Mars
COM MERCE Exploitation Missions engaged in Commerce
(RARE COMMODITIES) Breakthrough - as well as Exploration
: First Commercial discovery of profitable = Asteroid and. Marsl
i Asteroid Mission ___deep'spaceuse “MoonMining:
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Mission Approaches

Interesting Challenges

Elll‘()pa Affordable Transportation Communications
Radar Sounder + Getting into Orbit « Through the Ice
Lander + Getting to the Surface Autonomy
Ice Penetrator + Getting Through the Ice  Power
Radiation Compact Instrumentation
+ 4 Mega Rads in 30 Days
Mars |
Sample Return 2003, 2005... Sz}mple Handln}g
Micro Missions  2001... Bioload Reduction
Polar Landers 1999 Costs of ’l.“raqsportatlon
Climate Orbiter 1999 Com.ngumcatlon Infrastructure
Surveyor 1997 Precision Rendezvous
Pathfinder 1997 + On the' Surface
+ In Orbit
Autonomy

Mobility



Mission Approaches

Comets

Venus

Other Solar System
Other Objects

Robotic OQutposts
Mars
Moon
Others

Interesting Challenges

Sample Return Missions From: Simple Sample Acquisition Handling

and Return

Operation in Extreme Environments
Cost of Transportation

Bio Load Reduction

In Situ Logistics

Low Cost Transportation
Mobility

Precision Rendevous
Communication
Autonomy
Micro-laboratories



Robotic Outpost
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Life In The Region

Indirect Detection of
Small Planets

o

Remote Sensing ’
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INTERSTELLAR EXPLORATION

Roadmap

CONCEPT
SELECTION

PROPULSION

RESEARCH

SCIENCE
&
EXPLORATION
MISSIONS

ALPHA-
CENTAURI

CRITICAL
NON-PROPULSIO
RESEARCH

TECHNOLOGIES

&

SECOND GENERA Tlorn
MISSIONS




ZNAMYA 2
25-m DIA

¥

DLR DEMO

40-m DIA

i

GEOSTORM

INTERSTELLAR EXPLORATION

Sail Roadmap

1000-km DIA
0.1 g/m2

4000-m DIA
0.1 g/n?

x

1000-m DIA
0.1 g/m2
e 4
HELIOSPHERE
SCIENCE MISSION
C 4
DEMONSTRATION
MISSION
45LY
INTERSTELLAR
4 PROBE FLYBY
IN 40 YEARS
300-m DIA OORT
ZNAMYA 3 1gim? cLouD
<2 NOTE: SOLAR GRAVITY
150-m DIA EQUALED
2.5g/m? « OUTER PLANETS MISSION lNTE;g %ELLAR
+ PLUTO ORBITER MISSION
70-m DIA ¢ PROBE
10 g/n? RENDEZVOUS

» MOST DEEP SPACE MISSIONS IN 100 YEARS
+ SOME NON-KEPLERIAN ORBITS @ Solar Powered

« HALO ORBIT MISSIONS

. Laser Power
+ MERCURY ORBITER

« SOLAR POLAR IMAGER
* TITAN EXPLORER



Fourth Era: 2005-2020?
Permanent Robotic Presence and Outward Bound

Exploration with Fleets of
Sailcraft . B




“It seems upfikely that, with water
having beenTon Mars], that life did
not evolve. In fact, if there wasn’t
life, that would be remarkable.”

Dr, Edward Stone

Director, Jet Propul




